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The tribe Gaultherieae (Ericaceae: subfamily Vaccinioideae) comprises Chamaedaphne Moench, Diplycosia Blume, Eubotrys Nutt., Gaultheria Kalm ex L., Leucothoë D. Don, and Tepuia Camp., with a total of approximately 250 species. The tribe is defined by its four-appendaged anthers and a base chromosome number of 11, although both of these characters also occur in a closely related genus, Zenobia D. Don (tribe Andromedeae; Kron et al. 2002) . The group exhibits an amphi-Pacific distribution, that is, temperate and tropical regions of the Americas, eastern Asia, Southeast Asia, and the Pacific (New Guinea, Australia, and New Zealand).
The phylogenetic relationships of the genera in the Gaultherieae have been investigated as part of a comprehensive study of the Ericaceae based on morphological and molecular data (Kron et al. 2002) . This study found the Gaultherieae to be monophyletic and sister to the tribe Andromedeae (Andromeda L. and Zenobia) in the Vaccinioideae, although support for the Gaultherieae was low (bootstrap support bt ½ < 50%). The wintergreen group within the Gaultherieae (Diplycosia, Gaultheria, and Tepuia; five species were sampled in total from among these genera) was recovered (bt ¼ 92) as sister (bt < 50) to a clade comprising Chamaedaphne calyculata þ Eubotrys racemosa (bt ¼ 63). Sister to the entire clade was Leucothoë fontanesiana (bt < 50).
The wintergreen group is thought to be diagnosable by the presence of methyl salicylate, although this compound has apparently been lost in many species (or has not been detected) and is found in other ericads such as Cavendishia Lindl. and Pyrola L. as well as in unrelated families (Betula L.: Betulaceae; Spiraea L.: Rosaceae; Powell and Kron 2001) . Powell and Kron (2001) analyzed sequence data from three gene regions (matK, nrITS, and the atpB-rbcL spacer) for 34 wintergreen group representatives and 19 outgroups and obtained the following results: (1) the wintergreen group was recovered as monophyletic with strong support (bt ¼ 95); (2) Tepuia, a small genus that is found only on the tepuis of Venezuela, was recovered as the first-diverging lineage within the wintergreen group but with low support (bt < 50); (3) Diplycosia, a predominantly epiphytic, Southeast Asian group, was found to be monophyletic and nested within Gaultheria; and (4) Pernettya Gaud., a genus often segregated from Gaultheria by its berry fruit (vs. a capsule), was found nested within Gaultheria, with Pernettya tasmanica Hook. f. grouping in a different clade than the other three species of Pernettya sampled.
The wintergreen genera historically have been recognized as closely related, but morphological characters have kept them taxonomically separated (Cox 1948) . Diplycosia was considered unique due to the terminal tubules on its anthers, whereas Gaultheria members have awned anthers (Stevens 1995) . Diplycosia has bracteoles that are conspicuously fused at the top of the pedicel (Stevens 1995) and free fibers in the mesophyll, although Middleton and Wilcock (1993) showed that the latter can be seen in some Gaultheria species. Tepuia exhibits unique long-pilose filaments as well as terminal anther tubules and pustular glands on the petiole bases (Luteyn 1995c) .
Although the study of Powell and Kron (2001) represents a significant step forward in our understanding of the phylogeny and evolution of the wintergreen group and its close relatives, low taxon sampling precluded the resolution of some of the major issues regarding the classification of the tribe. Among these are the implications of inflorescence architecture evolution for infrageneric classification. Middleton (1991a) divided Gaultheria (including Pernettya) into 10 sections primarily on this character. Seven sections (50 species total) comprise solitary-flowered species, whereas the remaining sections (85 species total) comprise racemose inflorescences (Middleton 1991a) . As noted by Middleton (1991a) , some species placed into the solitary-flowered sections can also exhibit few-flowered racemes, and one of the racemose sections includes one solitaryflowered species (Gaultheria schultesii; Mexico) whose sectional placement is based on other morphological characters (Middleton 1991a) . Middleton (1991a) agreed with Airy-Shaw (1940) that the solitary-flowered species were likely to have been derived from ancestors with racemose inflorescences, but neither author clarified the number of times this may have occurred.
Inflorescence architecture also varies among the other genera of the Gaultherieae. Chamaedaphne exhibits solitary-flowered inflorescences, whereas Leucothoë, Eubotrys, and Tepuia have racemes (Melvin 1980; Luteyn 1995c; Kron et al. 1999) . The inflorescences of Diplycosia can be solitary flowered or occur in fascicles of two to many flowers (Sleumer 1967) . The fascicular condition seen in some species of Diplycosia and Zenobia is somewhat ambiguous because fascicles can also be described merely as reduced racemes (Judd et al. 2007) , as has been done, for example, in Gaultheria dumicola and Gaultheria wardii (Middleton 1991a) . Some species have one or two flowers per leaf axil (Sleumer 1967) . Some species in Gaultheria section Brossaeopsis series Dumicolae exhibit extremely short inflorescence rachises that are similar to the fascicles commonly seen in Diplycosia (Airy-Shaw 1940; Middleton 1991a) . Airy-Shaw (1940) based his hypothesis that these two groups are closely related on this similarity. No species of Gaultheria ser. Dumicolae were available to Powell and Kron (2001) with which to test this hypothesis.
Another major issue unresolved by Powell and Kron (2001) is the full impact of fruit evolution in the classification of the Gaultherieae. Whereas Chamaedaphne, Eubotrys, and Leucothoë have a capsule subtended by a persistent but unchanged calyx (i.e., the calyx is relatively the same shape, size, and thickness in both flower and fruit; Kron et al. 1999) , the genera of the wintergreen group can have a capsule or a berry, with either an unchanged calyx or one that is accrescent and fleshy. Pernettya has been delimited from Gaultheria by a berry with an unchanged calyx (vs. a capsule with typically a persistent fleshy accrescent calyx; e.g., Luteyn 1995a Luteyn , 1995b . As noted by Middleton and Wilcock (1990) , however, some species of Pernettya have a fruit with a fully accrescent and fleshy calyx (cf. Gaultheria tasmanica; Australia), or at least swollen calyx bases (cf. Gaultheria macrostigma and Gaultheria parvula; New Zealand) in addition to the fleshy mature ovary wall. Furthermore, some species of Gaultheria have a capsule with a completely unchanged calyx (e.g., G. crassa, G. colensoi, G. oppositifolia, G. paniculata, and G. rupestris; New Zealand). On this basis, Middleton and Wilcock (1990) subsumed Pernettya into Gaultheria. Similarly, the monotypic genus Pernettyopsis King and Gamble has been delimited from Diplycosia by its berry (vs. a capsule; both have a fleshy accrescent calyx; Sleumer 1967). Argent (1989) , however, noted that Diplycosia acuminata also exhibits a berry fruit and on this basis suggested that Pernettyopsis should be included within Diplycosia. Although Tepuia is similar to Pernettya in its berry with an unchanged calyx, it is unique within the Gaultherieae in that its calyx is also caducous and has thus been retained as a distinct genus (Luteyn 1995c) .
The objective of this article is to build on the initial molecular study of the Gaultherieae conducted by Powell and Kron (2001) in the following ways: (1) generate a more inclusive and better-resolved phylogenetic estimate of the Gaultherieae by increasing taxon sampling and adding additional sequence data from the ndhF gene; (2) more accurately estimate the closest relative of Diplycosia by including a member of Gaultheria ser. Dumicolae; and (3) explore the evolution of fruit fleshiness and inflorescence architecture, two of the more prominent, traditionally important taxonomic characters within the Gaultherieae, in a phylogenetic context.
Material and Methods

DNA Extraction and Taxon Sampling
Total DNA was extracted from silica-dried fresh or herbarium material by using a modified CTAB extraction protocol (Doyle and Doyle 1987) . Taxa sampled were two species of Tepuia, seven species of Diplycosia, 34 species of Gaultheria (Gaultheria leucocarpa is represented by two varieties), four species of Leucothoë, two species of Eubotrys, and the single Chamaedaphne species (51 terminals total; table A1, available in the online edition of the International Journal of Plant Sciences). The representative Gaultheria species are diverse in both their geographic location and inflorescence and calyx morphology. Brazil and New Guinea are two significant geographic regions that have not been sampled in this analysis yet whose inclusion could alter our results, particularly in the morphological evolution analyses. However, the majority of these taxa exhibits the typical capsule fruit condition with a fleshy accrescent calyx and therefore should not alter the results found in this study (Middleton 1991a) . The included species represent eight of the 10 sections of Middleton (1991a) , including 16 representatives from the most taxon-rich section (Brossaea). The outgroup comprises Andromeda polifolia, Zenobia pulverulenta (both Andromedeae), and Vaccinium macrocarpon (Vaccinieae; table A1). All taxa are included in every analysis (54 terminals in total; table A1). All analyses are rooted with V. macrocarpon because the Vaccinieae have been demonstrated to be sister to the Andromedeae þ Gaultherieae clade (Kron et al. 2002) .
Gene Regions and DNA Sequencing
Two chloroplast gene regions (ndhF and matK) and one nuclear gene region (nrITS) were sampled. The regions were 356 amplified by using standard PCR techniques, with primers provided by Johnson and Soltis (1994) and Steele and Vilgalys (1994) for matK, White et al. (1990) for nrITS, and Olmstead and Sweere (1994) and Alverson et al. (1999) for ndhF. Additional primers were designed specifically for amplifying and sequencing the 39 ndhF end of Gaultheria (1036F: TTA GGA GCT ACT TTA GCG C; 1824R: CC AAA CCC ATT ACG GAT TGA TCG) because the traditional primers for the 39 end of ndhF failed for many taxa. These new primers amplify from position 1036 to position 1824 of the 2200 total base pairs for ndhF (Olmstead and Sweere 1994; Alverson et al. 1999 ). Due to this truncation as well as the removal of ambiguous alignment regions and areas that are incomplete due to the placement of primers in those locations, the total ndhF gene portion for this study is 1609 base pairs. Some sequences used in analyses were generated previously (Powell and Kron 2001) ; GenBank numbers for all taxa are listed in table A1. Bold GenBank numbers in table A1 represent new data generated for this study. PCR-amplified fragments were cleaned by using the Qiagen Gel Isolation Kit (Qiagen Sample and Assay Technologies, Valencia, CA). DNA was sequenced at the Wake Forest University Bowman Gray Technical Center DNA sequencing facility on an ABI 377 automated sequencer. Sequences were edited in Sequencher 3.1.1 (1988; Gene Codes) and aligned manually. Significant missing data in this analysis includes that of Diplycosia apoensis (39 end of ndhF), Tepuia venusta (;600 bp of matK), Gaultheria foliolosa (59 end of ndhF), G. leucocarpa var. cumingiana (39 end of matK; 59 end of ndhF), G. leucocarpa var. leucocarpa (39 end of matK), Gaultheria pyroloides (;600 bp of matK), and Leucothoe griffithiana (59 end of ndhF).
Phylogenetic Analyses
Parsimony analyses were performed first on single-gene matrices; if no strong conflict (>80% bt support) was seen between single-gene matrices, then the matrices were combined into a single matrix and analyzed as total-evidence data. Separate parsimony analyses were performed on the ndhF, matK, nrITS, combined chloroplast, and total combined data sets. Phylogenetic analyses were performed with PAUP* 4.0b2 by using the maximum parsimony settings (Swofford 1999) . All characters were unordered, gaps were treated as missing data, and any areas exhibiting ambiguous alignments were excluded from the analyses. All characters were equally weighted, and only those that were parsimony-informative were included. Tree construction was performed by using a heuristic search with 1000 replicates, tree bisection and reconnection (TBR) branch swapping, and random stepwise addition. Clade support was estimated with bt analyses (Felsenstein 1985) . For the total combined parsimony bt analysis, 1000 replicates of TBR branch swapping with 100 replicates in the heuristic search were performed. For the other four parsimony analyses (ndhF, matK, nrITS, combined chloroplast), ''fast'' bootstrap replicates were performed due to the long time required for a complete heuristic search. The values produced by fast bootstrapping will typically be lower than those produced by bootstrapping that involves heuristic searches, so the bootstrap values for these analyses is a conservative estimate (Mort et al. 2000) . The fast bootstrap analysis consisted of 100,000 replicates for the ndhF, matK, nrITS, and combined chloroplast analyses.
The combined chloroplast and total combined data sets were analyzed in MrBayes 3.1.2 (Ronquist and Huelsenbeck 2003) . ModelTest 3.7 (Posada and Crandall 1998) was used to determine the best substitution types (Nst) and rate distribution models (rates) for the data sets. Both Bayesian analyses ran for 1,000,000 generations and were sampled every 100 generations. The burn-in period for both was the first 25% of the sampled generations. The model used for the chloroplast and combined analysis was GTR þ I þ G and TVM þ I þ G, respectively. Posterior probability values (pP) were calculated in MrBayes. The ndhF, matK, and nrITS individual analyses were not completed with Bayesian analyses because the algorithm did not reach an acceptable standard deviation of split frequencies (i.e., <0.01); results from each were predominantly unresolved in the parsimony analysis.
Morphological Evolution
For all analyses of morphological character evolution, the character states were optimized onto the single total combined Bayesian tree with MacClade 4.08 with all reconstructions shown (Maddison and Maddison 2005) . All included taxa were scored.
Both persistent calyx fleshiness and fruit type were scored in the analysis of fruit evolution. The character states of the calyx are ''calyx fleshy'' and ''calyx unchanged.'' An unchanged calyx here refers to a calyx that does not enlarge or become fleshy by the time of fruit maturation. When an unchanged calyx becomes older (i.e., fruits from a previous year), the calyx can become dry and brittle (personal observation). For the purpose of this study, this condition is still considered an unchanged calyx because we are interested in the calyx condition at peak maturity only. The character states of fruit type are ''capsule'' and ''berry.'' Inflorescence type was divided into solitary-flowered inflorescences, racemes, and fascicles. Sleumer (1967) was consulted for the species of Diplycosia sampled in the analysis. Diplycosia barbigera and Diplycosia apoensis usually have solitary-flowered inflorescences but sometimes have twoflowered inflorescences. These species were scored as having solitary flowers because this is the predominant condition in the two species (Sleumer 1967) . All sampled species in the predominantly solitary-flowered sections of Gaultheria (i.e., sects. Gaultheria, Chiogenopsis, Amblyandra, Chamaephyta, Gymnocaulos, Monoanthemona, and Pernettya) were scored as solitary-flowered even though some species can also have few-flowered inflorescences. Andromeda, Chamaedaphne, Leucothoë, Tepuia, and Zenobia were scored by using relevant monographs and other publications (Melvin 1980; Luteyn 1995c; Kron et al. 1999 Kron et al. , 2002 . The caducous calyx condition in Tepuia is autapomorphic within the Gaultherieae (Luteyn 1995c ) and therefore was not used in this analysis.
Results
Phylogenetic Analysis
Due to the low amount of resolution in the nrITS and separate and combined chloroplast data parsimony analyses, only 357 the total combined data analyses (parsimony and Bayesian) will be discussed in detail.
The aligned nrITS data set is 525 nucleotide positions long and includes 81 parsimony-informative characters (15.4%). Areas of ambiguous alignment in the original matrix (characters 1-257; ITS 1) were excluded. There were 16,776 most parsimonious trees found (length L . Results of the separate ndhF and matK parsimony analyses were not well resolved, and there were no strongly supported clades that were in conflict between the two data sets; therefore, these data were combined. The combined chloroplast data set comprises 3109 nucleotide positions and 365 parsimonyinformative characters (11.7%). The analysis recovered nine most parsimonious trees (L ¼ 792; CI ¼ 0:62; RI ¼ 0:81). There were only a few differences between the Bayesian chloroplast analysis and the Bayesian total combined data analysis. In the chloroplast analysis, Gaultheria procumbens is sister to Tepuia (pP ¼ 0:87) whereas in the total combined Bayesian analysis, Tepuia is sister to the larger clade of G. procumbens þ Gaultheria hispidula þ Gaultheria leucocarpa var. cumingiana þ G. leucocarpa var. leucocarpa þ Diplycosia (pP ¼ 1:00). Also, in the chloroplast analysis, Gaultheria foliolosa is sister to Gaultheria insipida þ Gaultheria strigosa (pP ¼ 1:00), but in the total combined data, the taxon is in a polytomy with Gaultheria antarctica (pP ¼ 1:00). However, because the majority of the Bayesian chloroplast analysis is identical to that of the Bayesian total data analysis, only the latter will be discussed in detail. 
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There was a single point of conflict between the parsimony analyses of the chloroplast and nuclear data. In the ndhF analysis, Gaultheria hookeri was strongly supported as being sister to Gaultheria fragrantissima (bt ¼ 95) whereas in the nrITS analysis Gaultheria griffithiana was sister to G. fragrantissima with moderate support (bt ¼ 88; in the matK analyses, these clades were predominantly unresolved). Because the species involved in this conflict do not restrict our ability to make inferences about the general phylogeny and morphological evolution of the Gaultherieae in this analysis, all three data sets were still combined in order to create a total data phylogenetic evidence tree. The total combined parsimony analysis contained 3634 base pairs and 446 parsimonyinformative characters (12.3%). The analysis resulted in six most parsimonious trees (L ¼ 1; 021; CI ¼ 0:58; RI ¼ 0:79). Relationships in the total combined Bayesian analysis are nearly identical to that from the strict consensus of the parsimony analysis (figs. 1, 2). The Gaultherieae and wintergreen group are both monophyletic (bt ¼ 100, 100; pP ¼ 1:00 and 1.00, respectively). The species of Eubotrys and Leucothoë each form clades (bt ¼ 98, 100; pP ¼ 1:00, 1.00, respectively). Leucothoë forms the first-diverging clade within the Gaultherieae (bt ¼ 100; pP ¼ 1:00), and Eubotrys þ Chamaedaphne (bt ¼ 100; pP ¼ 1:00) form the second-diverging clade (bt ¼ 68; pP ¼ 1:00).
Within the wintergreen group, the species of Diplycosia form a clade (bt ¼ 99; pP ¼ 1:00) that is sister to Gaultheria leucocarpa var. cumingiana þ G. leucocarpa var. leucocarpa (bt ¼ 100; pP ¼ 1:00). The two species of Tepuia form a clade (bt ¼ 100; pP ¼ 1:00). In the Bayesian tree, G. hispidula is sister to the G. leucocarpa var. cumingiana þ G. leucocarpa var. leucocarpa þ Diplycosia clade (pP ¼ 0:66), and G. procumbens is sister to this clade (pP ¼ 0:63). The Tepuia clade is sister to this larger clade (pP ¼ 1:00). In the parsimony consensus, the Tepuia clade is sister to G. procumbens (bt < 50) and this clade is in turn sister (bt ¼ 60) to a clade containing G. hispidula þ G. leucocarpa var. cumingiana þ G. leucocarpa var. leucocarpa þ Diplycosia. Fig. 2 Single consensus tree from a Bayesian analysis of the total combined data set (matK, ndhF, and nrITS). Posterior probabilities are indicated above the branches (in percent probability). SA ¼ South America; EA ¼ eastern Asia. Species placed within Gaultheria section Pernettya (Middleton 1991a ) are shown in bold.
BUSH ET AL.-PHYLOGENY GAULTHERIEAE
The remaining species of the wintergreen group, all species of Gaultheria, form a clade (bt ¼ 81; pP ¼ 1:00) divided into two subclades (bt ¼ 99, 52; pP ¼ 1:00, 0.97, respectively). In the first of these, a South American clade (SA-1 in figs. 1, 2; bt ¼ 99; pP ¼ 1:00) is sister to Gaultheria shallon (bt ¼ 100; pP ¼ 1:00), and this larger clade is in turn sister (bt ¼ 99; pP ¼ 1:00) to a clade comprising Gaultheria adenothrix þ Gaultheria ovatifolia (bt ¼ 100; pP ¼ 1:00). In the second, a South American clade (SA-2 in figs. 1, 2; bt ¼ 91; pP ¼ 1:00) is sister to Gaultheria tasmanica, the only sampled Australian taxon (bt ¼ 70; pP ¼ 0:99). Another South American clade (SA-3 in figs. 1, 2; bt ¼ 100; pP ¼ 1:00) is sister to SA-2 þ G. tasmanica (bt ¼ 100; pP ¼ 1:00). An eastern Asian clade of Gaultheria borneensis and Gaultheria pyroloides (EA-1 in figs. 1, 2; bt ¼ 100; pP ¼ 1:00) is sister to the clade SA-2 þ SA-3 þ G. tasmanica (bt ¼ 97; pP ¼ 1:00). Another eastern Asian clade (EA-2 in figs. 1, 2; bt ¼ 100; pP ¼ 1:00) is sister to the clade SA-2 þ SA-3 þ G. tasmanica þ EA-1 (bt ¼ 52; pP ¼ 0:97).
Morphological Evolution
There are two equally optimal reconstructions of calyx evolution over the total combined Bayesian tree, and each has four steps ( fig. 3) . In both optimizations, the most recent common ancestor (MRCA) of the Gaultherieae is inferred to have had an unchanged calyx ( fig. 3) . In one optimization, calyx fleshiness is gained along the branch to the wintergreen group, with reversals to an unchanged calyx along the branches to the Tepuia clade, the SA-3 clade, and Gaultheria wardii. In the other optimization, calyx fleshiness is gained along the branches to the Diplycosia þ G. leucocarpa var. cumingiana þ G. leucocarpa var. leucocarpa þ G. procumbens þ G. hispidula þ Tepuia clade and the clade comprising SA þ EA þ G. shallon þ G. adenothrix þ G. ovatifolia þ G. tasmanica, with reversals to an unchanged calyx along the branches to the SA-3 clade, Tepuia, and G. wardii.
There are four equally optimal reconstructions of fruit evolution over the total combined Bayesian tree, and each has five steps ( fig. 4) . In all optimizations, the MRCAs of both the Gaultherieae and the wintergreen group are inferred to have had a capsule. Independent gains to a berry occur along the branch to the Tepuia clade and in Diplycosia acuminata in all optimizations. The fruit changes to a berry along the branch to the SA-2 þ SA-3 þ G. tasmanica clade, followed by a reversal to a capsule in the branch leading to the SA-2 clade or the fruit changes to a berry along the branch leading to the SA-3 clade and along the branch to the SA-2 þ G. tasmanica clade, followed by a reversal to a capsule in the clade SA-2.
There are six equally optimal reconstructions of inflorescence evolution over the total combined Bayesian tree, and each has 15 steps ( fig. 5) . In all optimizations, the MRCAs of the Gaultherieae and the wintergreen group are both inferred to have had a raceme. Within the Gaultherieae, there are eight independent gains of the solitary-flowered inflorescences: Chamaedaphne, Gaultheria amoena, Gaultheria nummularioides, Gaultheria schultesii, and along the branches to Gaultheria sinensis þ Gaultheria thymifolia, SA-2 þ SA-3 þ Gaultheria Fig. 4 Fruit morphology traced onto the single consensus tree from a Bayesian analysis of the total combined data set (matK, ndhF, and nrITS). Character states: gray branches ¼ berry fruit; black branches ¼ capsular fruit; and branches with vertical lines ¼ equivocal state. SA ¼ South America; EA ¼ eastern Asia. Species placed within Gaultheria section Pernettya (Middleton 1991a) are shown in bold. 361 tasmanica, Gaultheria ovatifolia þ Gaultheria adenothrix, and Diplycosia þ G. leucocarpa var. cumingiana þ G. leucocarpa var. leucocarpa þ G. hispidula þ G. procumbens. In addition, there are reversals back to a raceme along the branch to Gaultheria sclerophylla þ Gaultheria megalodonta þ G. insipida þ G. strigosa and in G. leucocarpa var. cumingiana þ G. leucocarpa var. leucocarpa ( fig. 5 ). Inflorescence type is inferred to be solitary flowered along the branch to Diplycosia, but within the Diplycosia clade, the changes between solitaryflowered and fascicular inflorescences are equivocal.
Discussion
The monophyly of the Gaultherieae was previously supported with DNA sequence data from matK and rbcL but with less than 50% bootstrap support (Kron et al. 2002) . Our analyses recover a monophyletic Gaultherieae with strong support (bt ¼ 100; pP ¼ 1:00). Our analyses also strongly support a monophyletic wintergreen group (bt ¼ 100; pP ¼ 1:00), as found previously with combined matK, atpB-rbcL spacer, and nrITS sequence data (bt ¼ 95-99; Powell and Kron 2001).
As in a previous study (Powell and Kron 2001) , Diplycosia was found to be monophyletic, and its sister clade was found to be Gaultheria leucocarpa var. cumingiana (¼Gaultheria cumingiana from Powell and Kron 2001) þ G. leucocarpa var. leucocarpa (bt ¼ 100, pP ¼ 1:00: our results; bt ¼ 98, Powell and Kron 2001 [with combined matK, atpB-rbcL, and nrITS data, as G. cumingiana; G. leucocarpa var. leucocarpa was not sampled in Powell and Kron 2001] ). The ''Gaultheria leucocarpa'' that was sister to Gaultheria nummularioides in the matK analysis (100% bt) of Powell and Kron (2001) was determined later to be an accession of Gaultheria hookeri. Morphological studies had suggested that Gaultheria dumicola (Himalayan distribution) is closely related to Diplycosia due its extremely shortened raceme, which is similar to the fascicular inflorescence of Diplycosia (Sleumer 1967; Middleton 1991a) . In our study, G. dumicola never groups with Diplycosia; instead, it is recovered in the EA-2 clade with strong support (bt ¼ 94; pP ¼ 0:98).
The two members of Tepuia sampled consistently form a clade in our analyses. In the parsimony analysis, the Tepuia clade is weakly supported as sister to Gaultheria procumbens, 
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INTERNATIONAL JOURNAL OF PLANT SCIENCES but in the Bayesian analysis, it is sister to the G. procumbens þ Gaultheria hispidula þ G. leucocarpa var. cumingiana þ G. leucocarpa var. leucocarpa þ Diplycosia clade with strong support (pP ¼ 1:00). This is the first published phylogenetic analysis that reveals the potential closest relatives of Tepuia. Increased taxon sampling in this group is difficult due to their range in the tepuis of Venezuela, but more extensive sampling is desired to further explore the relationships and evolution of this clade within the wintergreen group.
In our study, two varieties of G. leucocarpa were included: G. leucocarpa var. cumingiana (Philippines; ¼G. cumingiana in Powell and Kron 2001) and G. leucocarpa var. leucocarpa (Malaysian Peninsula; not sampled in Powell and Kron 2001) . Our results for this widespread taxon corroborate those found in Powell and Kron (2001) . Gaultheria leucocarpa var. cumingiana and G. leucocarpa var. leucocarpa, both species from Southeast Asia, are recovered with strong support as the sister clade to Diplycosia, a predominantly Southeast Asian group. In Powell and Kron (2001) , G. cumingiana is sister to the Diplycosia clade, with strong support (bt ¼ 98 in the combined analysis of matK, atpB-rbcL spacer, and nrITS). The widespread species occurs from 500 to 3300 m altitude in 10 provinces of China, including Taiwan, and also occurs in Cambodia, Indonesia, Laos, Malaysia, the Philippines, Thailand, and Vietnam (Fang and Stevens 2005) .
Our study offers an overall improvement in both clade resolution and support values as compared to that of Powell and Kron (2001) . In general, shared taxa between the studies are recovered in the same clades, although resolution at the deeper nodes is substantially higher in ours. For example, in the parsimony analyses of Powell and Kron (2001) , G. hispidula (once placed in the monotypic genus Chiogenes due to the presence of a semi-inferior ovary; Airy-Shaw 1940) forms a polytomy with Tepuia and two other clades of the wintergreen group. In both the parsimony and Bayesian analyses from our study, however, G. hispidula is sister to G. leucocarpa var. cumingiana þ G. leucocarpa var. leucocarpa þ Diplycosia with low support (bt ¼ 51; pP ¼ 0:75). Also, in Powell and Kron (2001) , Gaultheria shallon was sister to Gaultheria eriophylla with moderate support (bt ¼ 79), whereas in our study, it is sister to clade SA-1 with strong support (bt ¼ 100; pP ¼ 1:00).
The analysis of calyx evolution indicates that the ancestral condition for the tribe Gaultherieae is probably a dry fruit ( fig. 3) . The ancestral condition for the wintergreen group, however, is equivocal ( fig. 3 ). Dry calyces evolved at least twice within the wintergreen group (fig. 3) . The data for calyx fleshiness in Gaultheria wardii was taken from Middleton (1991a) ; however, in the Flora of China series, Fang and Stevens (2005) report that G. wardii has a fleshy calyx. Personal observation indicates that G. wardii has a semifleshy, thin, mealy calyx. If G. wardii is scored as having a fleshy calyx (vs. unchanged), this would indicate that unchanged calyces only arose twice within the wintergreen group: in clade SA-3 and Tepuia. Based on our current observations, it appears that dry calyces usually co-occur with a berry fruit. Future field work and analyses will test this observation.
All the sampled temperate South American Pernettya members (i.e., Gaultheria mucronata, Gaultheria poeppigii, and Gaultheria pumila) are found in clade SA-3, and all possess berries. The only other sampled Pernettya member, Gaultheria tasmanica, is sister to the dry-capsule SA-2 clade, and it exhibits a berry with a completely accrescent fleshy calyx (Middleton 1991a) . Berries also independently arose in Diplycosia acuminata and Tepuia (fig. 4) .
The calyx and fruit analyses have significant implications for the classification of the wintergreen group. Based on phylogenies that strongly support a monophyletic wintergreen group (i.e., our study; Powell and Kron 2001) , Diplycosia, Gaultheria, and Tepuia should be included in Gaultheria s.l. The alternative of dividing the group into multiple smaller genera is suboptimal because it may be difficult or impossible to determine morphological synapomorphies for some of these clades, (e.g., Diplycosia þ G. leucocarpa var. cumingiana þ G. leucocarpa var. leucocarpa þ G. hispidula þ G. procumbens), whereas the presence of methyl salicylate is a potential synapomorphy for Gaultheria s.l. The infrageneric classification of Gaultheria s.l. could use calyx and fruit characteristics to determine sectional divisions within the genus.
A solitary-flowered inflorescence was traditionally thought to be a derived condition within Gaultheria (Airy-Shaw 1940). Although both Airy-Shaw (1940) and Middleton (1991a) appear to have been accurate in their assertion that racemose inflorescences are ancestral in Gaultheria, the high number of times solitary-flowered inflorescences appear in the evolution of the group suggests that inflorescence type is not an appropriate basis for the higher-level classification of the tribe. Even at the lower levels of classification, the use of inflorescence type may not be useful; for example, the large section Brossaea is highly paraphyletic based on our results ( fig. 5 ).
There is evidence that the evolution of inflorescence type is affected by several factors, such as the rate of self-fertilization and resource availability (Schoen and Dubuc 1990) . Studies have shown that Gaultheria myrsinoides, G. hispidula, G. shallon, Gaultheria domingensis, Gaultheria gracilis, Gaultheria odorata, G. procumbens, G. nummularioides, G. leucocarpa, and Gaultheria punctata tend to have low insect visitation and high self-compatibility (Sleumer 1967; Mirick and Quinn 1981; Middleton 1991b) . When self-compatibility is frequent and inbreeding depression is high, the stable size of an inflorescence can decrease (Schoen and Dubuc 1990) . The homoplasious characteristic of inflorescence type demonstrated here may be dependent on these complex factors.
This study confirms the monophyly of the Gaultherieae and the wintergreen group with strong support. Internal relationships within the tribe, the wintergreen group, and Gaultheria are more resolved than those from previous studies. Many questions remain about the evolutionary factors that may have led to the pattern of fruit and inflorescence structure exhibited in Gaultheria. This phylogenetic work will form the basis for a future biogeographical analysis as well as the eventual reclassification of the genera within the Gaultherieae.
